Social interaction and collaboration are essential to the emotional and cognitive development of young children [40] . Constructionism [32] is a learning theory where children learn as they build or construct a public artifact. Creative activities that promote collaboration, especially those based on principles of constructionism, provide enhanced learning opportunities for young children. Mobile devices can support the learning experience as children can create artifacts in various contexts. The proposed research incorporates collaboration, constructionism, children, stories and mobile technologies; specifically investigating developmentally appropriate interfaces to support mobile collaboration for young children.
INTRODUCTION
As the American flag waves above Fort McHenry (a 19 th century battleground and birthplace of the U.S. National Anthem), children explore the fort carrying mobile devices (personal digital assistants, PDAs) collecting, creating, collaborating and learning about the structure, events and people associated with this historic site. These children are creating a shared story describing their collective experience as they visit the fort. One child reads out loud and records on his mobile device a placard describing the magazine. Another child adds to the narrative by writing "this is a historic place" as he walks around the inner fort. Two children walk through an exhibit illustrating life as a soldier and capture the audio being narrated as they walk from one room to the next. Another child begins to write out the national anthem as he adds a picture of a flag to an instrumental arrangement of the national anthem as he stands by a cannon overlooking the bay with the flag waving behind him. Children come together sharing and discussing what they have added, even though all can see the additions and changes each other has made.
This describes some of the interactions that occurred during an initial investigation into the use of mobile devices as collaborative tools to construct narratives in context. This research proposal will leverage the lessons learned from these active, playful learning experiences to develop and evaluate new mobile technologies for children, ages 6-10. Specifically, software architectures will be developed and physical interactions will be evaluated to better understand collaboration between children with mobile devices. True mobility not only increases access to the available information, but can allow content creation when and where a user is inspired. Mobile devices empower children to create content or digital artifacts in situ, while they are in the context of the object or situation for which they are creating a representation [15, 25] . Creative, constructive, and generative activities in context are extremely educational as they help the learner synthesize the information as well as provoke further investigation.
In the last two decades, mobile devices (e.g. cell phones, PDAs, etc.) have become more and more popular and ubiquitous [4] . In fact, it is anticipated that within the next three years, more than 2.6 billion mobile devices will be in use throughout the world [4, 8, 24, 42] . This proliferation is significant. If these devices were equally distributed among the population of the earth, approximately 40% of the world's population would have access to a mobile device [8] . In several places, mobile phones instead of landline phones have become the norm [3] . In developing countries, even those with struggling economies, cell phones have empowered users enabling opportunities not previously attainable [1, 39] . Indeed, mobile technologies are emerging as the computing platform of the 21 st century [11] .
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controlling. Consumption generally takes the form of music, video, words, games, or receiving alerts. In some cases, content has been authored specifically for mobile phones including novels [5] and video [6] . Mobile devices such as PDAs (Personal Digital Assistants) have been used for collecting brief text or audio notes [23, 38] as well as more recently, cell phones for pictures and video [7, 12, 13] . Projects have been developed to enable mobile devices as a personal universal controller (PUC) that controls everything from a Microsoft PowerPoint presentation to a VCR [28, 29] . Mobile device usage as a control or input device has also been proposed in many multi-modal systems where multiple devices can be used in partnership (e.g. a PDA controls a TV, which could enable voice tagging of comments about a particular document) [16, 28, 30] .
While past mobile devices have been geared towards consumption, collection and controlling, the research proposed herein represents a shift to enable creative, constructive and collaborative use of mobile devices. Although generating content has been allowed on mobile devices (e.g. text and audio notes), there are interactive limitations to these relatively small devices [37] . The proposed research looks at ways to overcome these limitations via co-present collaboration.
Co-present collaboration occurs when people meet at the same time and place to "work together, especially in a joint intellectual effort" [2] . This research proposes not only bringing people together in the same place but specifically investigating how bringing mobile devices together can afford different collaborative advantages for young children.
Moving beyond consumption enables interactive learning, allowing creation of artifacts, thus enabling constructionistic learning [32] . Generative processes go beyond recall and recognition learning and suggest a deeper understanding [33] . This adheres to Papert's learning theory of constructionism which is based on manipulating objects and building a public artifact -it is in the construction of the artifact that children learn [9, 31, 32] . This principle has been used to develop several systems including Logo where children explore the world of math by controlling a turtle graphics object via a simplified programming language [31] and LEGO/Logo and the LEGO® Bricks which provided more direct physical manipulation allowing children to touch, move and program physical creations [34, 35] . Constructionism applies to the target age range of this study (6-10 years old), but is not only applicable to the young children, but also on up to middle school aged children) [9, 31, 32] .
Narrative systems have started to address issues of mobility by using ubiquitous and tangible computing technologies. Ubiquitous computing technologies are technologies that are embedded and integrated into the environment [41] . They generally use sensing of some sort to enable user interaction [18] . This type of technology has been used in mobile field trip environments to encourage collection of data [23, 36] . Graspable or tangible computing involves physical manipulation of objects such as coupling a digital document to a physical brick or a triangle and modifying the virtual by physically manipulating the physical [19, 20, 22] . This technology has been used in narrative systems to enable programming or configuring stories [10, 21, 22, 26, 27] . Instead of embedding technology into the environment or using tangible props, the proposed work equips children with mobile devices to enable true mobility.
By expanding the functionality of mobile phones from being used for communication, consumption, collecting and controlling to creative, constructive and collaborative processes, I will enable children to leverage the power of mobile devices for constructive learning. Mobile story authoring and sharing including co-present collaboration can yield social, interactive, exploratory, creative, constructive, mobile play and learning opportunities. With the added computing potential promised to future mobile devices, corresponding advances in the types of interactions and collaboration are necessary to overcome the various limitations and challenges attributed to mobile devices. Copresent mobile collaboration, the focus of the proposed research, addresses many of these important issues.
The proposed research will enable children to collaboratively construct narratives in mobile settings. Specific attention is given to co-present collaboration in mobile situations. By emphasizing the ability to create and author narratives, many educational opportunities are opened; the ability to create and author content in general is uncommon on mobile devices.
RESEARCH QUESTIONS
The following research questions will be examined through the development of a system for mobile collaboration between children. This system, Mobile Stories, will have a flexible architecture that enables structured, semistructured, and unstructured narrative activities along with support for varying degrees of collaboration. A variety of evaluation methods will be used to investigate how a continuum of activities ranging from reading, watching or playing a narrative to an open generative process could be made available in a collaborative, mobile setting.
What are the appropriate interfaces for co-present mobile collaboration with children?
To address this question I will develop a platform to enable collaborative tiling and sharing of screen space as well as delivering disparate synchronized information (see Figure  1) . Allowing devices to come together can ameliorate the problem of limited screen space. The fact that there are two devices also increases the interactive possibilities. The designed system architecture must not only handle sharing of screen space, but also allow sharing of interactions made on each device to leverage the new, joint interactive opportunities. Devices could physically snap together, or at a minimum be brought in close proximity to be collaboratively connected. This co-present workspace expansion within the mobile context however has not been widely explored or commercially leveraged. Bringing devices together can go beyond merely adding pixels to the interface, but can enable novel interactions which can encourage and foster collaboration. This question will explore to what extent the developed technologies aid, promote and/or encourage collaboration. This will be investigated via a study with child users in an active context similar to Fort McHenry National Park where my formative study was done. The technology will be instrumented so as to keep logs of all user interactions including creating, editing and collaboration. Researchers will note observations to corroborate data found through the technology.
EXPECTED CONTRIBUTIONS
The major contributions of this work will be the design and development of a platform and interfaces supporting copresent mobile collaboration, a child-appropriate, light interface for switching between other collaborative modes, and an evaluation examining these developments.
WORK DONE TO DATE
Initial investigations included a comparison between desktop and physical interactive environments [17] providing direction towards mobile computing environments that can bridge the virtual-physical gap. Preliminary design sessions on collections were performed with children.
Observations were made leading the direction from direct support for collections (collecting, organizing, sharing), to a narrative approach which inherently supports these activities. These sessions along with collaborating work with Tangible Flags [14] helped form the direction for this research.
An initial prototype for Mobile Stories was built and tested with children at Fort McHenry National Park. The prototype supported the addition and editing of multimedia to scenes in a shared narrative. The supported multimedia included sound, pictures, and words. The opening situation is a description of some of the interactions observed. Observations from this initial study have formed the ideas for this proposed work.
